S
/""^OPPER, zinc, boron, and manganese are re--^ quired in small quantities for the growth of ordinary crops. Magnesium is taken up by plants in much larger quantities, but it is of interest because it is known to be deficient in many soils. This set of experiments, therefore, is primarily concerned with the effect of magnesium, copper, boron, manganese, and zinc on the growth, in pots, of some common crops on certain soil types in Delaware.
The literature on the subject is voluminous and no attempt will be made to review it. So far as the author is aware there have been no results published which were secured from experiments in which a number of minor elements at more than one level were added alone and in all combinations.
DESIGN OF EXPERIMENTS
' The growth of a plant is dependent on a large number of factors. At times they interact or influence the effectiveness of each other. For example, liming a soil sometimes increases the availability of phosphatic fertilizers (z), 3 and over-liming is known to increase the response of plants to applications of boron (6). The interest of the author in the minor elements is not confined to their individual effects but also to their interactions. Fisher (4) and Yates (8), by introducing the factorial design in experimentation, have presented a method whereby these interactions can be easily studied and the results statistically analyzed. In such an experiment several factors can be studied at two or more levels in all possible combinations, and from the results one can determine not only the effect of the individual factors, but whether there are any interactions between two or more factors. For this reason it was decided to use the factorial design in these experiments.
The design of experiment was a 2" factorial wit cation, and the estimate of error is made from hi 'interactions. This kind of experiment is explained (8). The following are the six factors which w Complete fertilizer (nitrogen, phosphorus, and p mangesium, copper, boron, manganese, and zinc. T this paper the letters a, b, c, d, e, and f will b designate the respective factors.' The numeral i w to represent the treatment in which the lower l factors are present, and the various letters wil the treatment expressions only in the cases where are at the higher level. Each experiment was on house bench, 4 pots wide by 16 pots long. The 6 treatments, consisting of all possible combinati six factors, in each experiment were divided blocks. The block arrangement and the random the treatments within blocks are given in Diagra This confounded the treatment interactions A BCF, ADF, ABCD, ABEF, anad CDEF (cap represent the corresponding main effects and in with blocks, the idea being to increase the accur remaining comparisons.
METHODS, SOILS, AND TREATMEN
The pots were 2-gallon coffee urn liners. Th the pots were coated with high-melting point (60 paraffine. Over the hole in the bottom of each pot a small amount of coarse glass wool (lead and b and a quartz pebble which had been carefully a and coated with the paraffine. The soils were kep as possible at 50% of their moisture-holding cap distilled water. There was never any leaching t hole in the bottom of the pots.
The soils used in these experiments were No Portsmouth sandy loam, Sassafras sandy loam, a loam. They were purposely selected from fa information indicated that the soil was not fertile 
